In this study, Cu, Zn, Cd and Pb concentrations were investigated in both stem and roots of three different plants which are Charlock (Sinapis arvensis), Inula (Inula salicina) and Asphodelus (Asphodelus fistulosus). The plants were collected from the roadsides between Mafraq and Jerash in Jordan. The concentrations were in µg of heavy metal per gram of sample weight. While the average concentrations in plants stem were 0.16 µg/g, 9.5 µg/g, 0.51 µg/g and 22.9 µg/g for Cd, Cu, Pb and Zn ions, respectively, the corresponding concentrations in the plants roots were 0.09 µg/g, 6.4 µg/g, 0.2 µg/g and 15.7 µg/g for the same ions. The measured concentrations were much less than those reported by other local and international studies, therefore, the area under investigation might be considered healthy for crops culturing.
Introduction


Plants are the primary sources of food for both humans and animals. Animals, on the other hand, serve as an essential food source for the human beings. For an efficient and healthy growth of plants, there must be soil, water and air, which jointly make up the favorable environments for the plants. Therefore, the purity of these favorable conditions is critical for the prevalence of healthy food. However, there are certain metal ions, which may enter the plants' cell cytosol, thus preventing them from activating the catalytically active proteins or structural proteins, which could otherwise protect them from the possible poisoning by heavy metals [1] .
Vehicular emissions are considered primary sources of heavy metals that pollute the environment. Over the past three decades, the number of vehicles rapidly increased, resulting in a corresponding increase in environmental pollutants from vehicle emissions. Higher concentration of heavy metals in the  Corresponding author: Abdullah Trad Al-fawwaz, Ph.D., main research fields: microbial biotechnology, environmental control and algal ecology. environment is quite hazardous to both animals and plants' health due to their toxicity. These extreme levels are thereby extremely dangerous to humans, plants and animals. The increment of traffic volume ultimately increases the accretions of such heavy metals. Vehicles emit a lot of toxic metals, which accumulate or build up along the roadside environments [2] . Consequently, heavy-metal pollution resulting from the increased traffic emissions may significantly contaminate the roadside crops, as well as plants that grow near the major highways [3] .
Some of the metals that are essential constituents of certain alloys, wires, pipes and vehicle tires include Cu, Zn and Cd. These metals may be released to the surrounding environments near the highways as a result of mechanical corrosions and breakdowns [4] . For instance, lead (Pb) metal deposits along the roadside soils may accumulate in the form of lead sulfate [5] . As well, Cd metal emissions are primarily from consumption of oil lubricants and vehicle tire corrosions. Zinc metal pollution comes from the car-tire corrosions and the galvanized car parts, such as fuel tanks [6] . Furthermore, the most common source of Pb and Cu emissions is the vehicle braking D DAVID PUBLISHING Evaluation of Pb, Cu, Zn and Cd Levels in Some Plants at Roadsides between Mafraq and Jerash, Jordan 396 system corrosions. Moreover, the Pb metal pollution also comes from the heated metal alloys used in the car engines and exhaust gaseous emissions [7] .
A few years ago, the vehicles fuels from Jordan were 'leaded', hence contributing to the widespread contamination of soil, air and plants adjacent to roadways. According to the U.S. Government [8] , the most common metal pollutants arising from the increased traffic activities include Pb, Cd, Zn and Cu. At higher concentrations of these heavy metals, their toxicity may result in metabolic disorders in plants, as well as growth inhibition among certain plant species [9] . Positively, several biological and nutritional studies reveal that heavy metals are quite crucial for human health. Nevertheless, at higher concentrations, these heavy metals may become extremely toxic. For instance, copper toxicity may result in health complications such as kidney and liver damages, intestinal and stomach irritation and anemia [10] . Similarly, zinc toxicity may cause arteriosclerosis and pancreatic complications and damages, hence disturbing the body's protein metabolism [2] . As well, Pb and Cd metals may remain toxic even at very low concentration levels, leading to complications such as increased cancer risks [11] . Therefore, this research investigates the concentration of heavy metal ions such as Zn, Cu, Pb and Cd ions in plants along the highway connecting Jerash city and Mafraq city. It also compares the concentration of these heavy metals through the study of plant stems and roots that show the possible signs of heavy metal ion contamination.
Material and Methods
Sampling
Three types of plants and grasses were used in this study, which are Charlock (Sinapis arvensis), Inula 
Sample Preparation Procedure
The sample preparation took place in the Analytical Chemistry Section at JAEC (Jordan Atomic Energy Commission). The samples were prepared according to SOP3 (Standard Operation Procedure 3) for sample preparations as:
(1) The samples were dried overnight at a temperature of 105 o C and the moisture was calculated; (2) 0.25 ± 0.0001 g of the dried samples was accurately measured and taken from every sample; (3) After that, 1.3 mL HF (Hydrofluoric Acid), 8 mL HNO 3 and 2 mL H 2 O 2 (Hydrogen Peroxide (30%)) solutions were added to the accurately measured samples; (4) Using Milestone ETHOS1, the samples were then digested through the microwave digestion system; (5) The digested samples were then volumetrically transferred into 50 mL centrifuge test-tubes under room temperature and pressure; (6) At the next step, the transferred samples were treated with 4% boric acid. This acid was used to remove any residue or excesses HF; (7) Subsequently, NF 1200 centrifuge system was utilized for the classification of samples, after which the samples were diluted to 50 mL. This step was the very last step in the prime chemical preparations; (8) Once again, the samples were diluted with 1% sub-boiled nitric acid (HNO 3 , 65%). This process was repeated twice (double dilution factor), hence the last dilution volume was 100 mL, for ICP-MS (Inductively Coupled Plasma-Mass Spectrometry) measurements; (9) Finally, the Analytical Technique Measurement was employed, where the ICP-MS was used to determine the concentration of the elements. Six calibration standards from Accuracy Reference Standards were then prepared for all the items of interest. As well, a blank was prepared in 1% sub-boiled nitric acid (65%). The internal standards utilized were Y, Tb and In. Furthermore, Bruker 810/820-Mass Spectrometer was used for sample measurements in order to establish the concentration of (Cu, Cd, Zn and Pb) elements. As seen in Table 2 , the concentrations of the four heavy metals in the sampled plants are displayed. It shows the mean concentration levels of the heavy metalsZn, Pb, Cu and Cd in the stems of the plant samples at the four sampled sites. Table 2 further shows that there is no significant difference in the contaminations between the first three sites and the least contaminations observed at site 4. This outcome may be due to the kind of land terrain, where site 4 happened to be an open mountainous area. From the study, authors can assert that the heavy metal pollutants from the air eventually precipitate and accumulate on the ground surface. However, depending on the wind flow and patterns, the precipitated concentrations on the adjacent areas either increased or decreased [5] . The analysis can thereby conclude that the wind carries the vehicle emissions away from the roadsides; hence the fewer contaminations observed. A similar scenario could be noticed in Table 3 , which shows the heavy metal concentrations in the sampled plants' roots. As displayed in Table 3 , some levels in the roots of the sampled plants in site 4 are higher than those found on the remaining sites. The reason for this result is that the nature of mountainous soils allows parts of the plants' roots to grow above the ground, thereby exposing them to the air pollutants. On the other hand, the remaining sites are plain/open areas with agricultural soils that cover the roots underground, thus preventing them from the exposure to the air pollutants.
Results and Discussion
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The average concentration levels in the stems of the plant samples in this study are 22.9 µg/g, 0.51 µg/g and 9.5 µg/g for Zn, Pb and Cu, respectively. These concentration levels are much less than those found in the plant samples at the roadside of the road connecting Amman to the southern part of Jordan, which were found to be 98.7 µg/g, 7.3 µg/g and 31.3 µg/g for Zn, Pb and Cu, respectively [12] . As well, the levels were less than those of the roadway between Ramtha and Mafraq, which were 41.5 µg/g, 0.6 µg/g, 9.2 µg/g and 0.3 µg/g for Zn, Pb, Cu and Cd, respectively [13] . Howari, F. M., et al. [14] found that the concentration levels for Cd, Pb and Zn along the roadsides between north Shuna and Aqaba through Dead Sea high way were 5 µg/g, 79 µg/g and 79 µg/g, respectively.
It can be seen that the contamination levels of the investigated heavy metals along the roadsides between Mafraq and Jerash are much less than those found on the other studied roadways in Jordan. This scenario could be explained by two major reasons: firstly, the traffic volume could be less than that in other studies roadways; secondly, the humid climate for the studied areas, especially, the sites 2, 3, and 4, were most likely to be less contaminated than site 1. Authors' results are also less than those along the north Shuna and Aqaba. This outcome could be related to the open and mountainous areas of authors' study. The roadway from Shuna to Aqaba is below the sea level and is mostly neighbored by mountains to the eastern sides. The occurrence of these mountains could form a barrier that decreases the wind speed and increases the accumulation of emissions on the nearby roadsides.
Internationally, Alshammari, A. M. [15] found that the levels of Zn, Pb, Cu and Cd along the urban roadsides of Hail in Saudi Arabia are 197 µg/g, 89 µg/g, 53 µg/g and 5 µg/g, respectively. In Nepal, the corresponding concentrations at roadside farmlands were 62.57 µg/g, 5.57 µg/g, 25.89 µg/g and 0.34 µg/g, respectively [2] . In a study conducted to establish the concentration of these metals in the neighboring Çorlu-Çerkezköy highway in Turkey, the levels were 20 µg/g, 1 µg/g and 8.2 µg/g for Zn, Pb and Cu, respectively [16] . Along Bangalore city railway station in India, the concentrations were 60.3 µg/g, 64.3 µg/g, 36.6 µg/g and 7.5 µg/g for Zn, Pb, Cu and Cd, respectively [17] . Christiana, C. M. O. and Samuel, K. [18] found the concentration of these metals to be 0.06 µg/g, 0.07 µg/g, 0.15 µg/g and 0.13 µg/g, respectively, along the roadway in Adogo in Nigeria.
Authors' results are comparable to some of the international results. As such, it can be seen that the highest concentration levels were in Hail in Saudi Arabia, which can support authors' suggestion that the dry climate could be a reasonable influence on the increased contamination levels caused by vehicle emissions. The concentration levels were also high along the northern Jordan highway, which also has a dry climate. Also, the type of the used fuel is another important reason for the contamination levels observed above.
Conclusions
In this study, concentration levels for all the investigated heavy metalsZn, Pb, Cu and Cd were almost within the acceptable limits in plants. These levels were less than those in other areas in Jordan, and also less than those found in the other international studies. Comparing authors' results with others, in and outside Jordan, it can be concluded that dry weather supports the contamination with heavy metals that come from the vehicle emissions. On the other hand, the open humid roadsides could be less contaminated as compared to the other closed humid roadsides. Finally, utilizing these areas as agricultural land could produce low contaminated crops with fewer health hazards.
